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“Entry to selective universities will often require students to demonstrate that 
they have engaged in super-curricular activities which develop their awareness 
and understanding of their subject. Thomas Povey has provided in this book 
enough super-curricular content to keep an aspiring mathematician, physicist, 
engineer or material scientist (and their teachers) happy for months. For a 
parent or teacher who wants to proactively support a student in preparing for 
entry to a competitive science or maths course this is a no-brainer purchase.” 

—Mike Nicholson, Director of Undergraduate Admissions and Outreach, 
University of Oxford (2006-14), Director of Student Recruitment and 
Admissions, University of Bath 

“This book is about the excitement of mathematics and physics at the school- 
university boundary. It contains a remarkable collection of intriguing intellec- 
tual challenges, all with complete solutions. You can read it to increase your 
ability in maths and physics; you can read it to develop your problem-solving 
skills; but most of all you can read it for fun.” 

—Professor Richard Prager, Head of Cambridge University School of 
Technology 

“This instructive book will allow aspiring young scientists to test and expand 
their knowledge of physics and mathematics, and gain greater confidence in 
their abilities.” 

—Professor Sir Chris Llewellyn Smith FRS, Director General of CERN 
(1994-98) 

“By challenging students with unfamiliar but engaging problems, I hope Pro- 
fessor Povey inspires many more budding physicists and mathematicians to 
realise their potential.” 

—Sir Peter Lampl, Founder and Chairman of the Sutton Trust 

“A real tour de force of scientific problems. Thomas Povey is clearly a master 
at this kind of conundrum ... Fascinating.” 

—John Farndon, author of Do You Think You're Clever ? 

“This book will amuse those who like puzzles. The topics vary from the prac- 
tical to the quirky. Readers with a basic knowledge of maths and physics will 
be entertained and encouraged by the interesting and challenging questions 
they are able to solve.” 

—Professor Dame Ann Dowling DBE FRS FREng, President of the Royal 
Academy of Engineering 
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Introduction 



This is a personal book which celebrates a passion I have always had for playful 
problems in physics and maths. Questions that rely on material no harder 
than that studied in high school, but which encourage original thinking, and 
stretch us in new and interesting directions. 

In practically every country that has an established higher education sys- 
tem, the most competitive universities operate some kind of admissions test 
or interview. These generally have only one object: to distinguish from many 
brilliant applicants those with the greatest potential. To test this potential, 
questions are often designed to test an applicant’s ability to think creatively. 
In many countries, these pre-university tests are set by university professors. 
Whilst the questions might reference a particular high-school syllabus, they 
would not normally be constrained by it. The questions are often deliberately 
off-beat. This is to see if applicants can apply what they have already learnt in 
new and more challenging situations. The questions test the applicants’ ability 
to pick an unusual problem apart, reduce it to its essential components, and 
use standard tools to solve it. 

This book is a collection of some of my favourite pre-university problems 
in physics and maths. These questions are devised to encourage curiosity and 
playfulness, and many are of the standard expected in some university entrance 
tests. These questions are perplexing, puzzling, but— most of all— fun. You 
should regard them like toys. Pick up the one that most appeals, and play 
with it. When you have exhausted it, you can entertain a friend with it. It 
might seem impossibly nerdy, but for me almost nothing is as enjoyable as 
being baffled by an apparently simple problem in an area of classical physics I 
thought I understood. This book is a way of sharing the pleasure I have taken 
in some of the physics and maths puzzles I have most enjoyed. The questions 
will appeal to those high-school students who have mastered the basics, and 
feel they have room to play a little with something more unusual. Teachers can 
also use the problems to stretch their pupils with something more challenging 
or unconventional. Here I am grateful to those teachers who allowed their 
classes to pilot these problems, and to the students who bravely attempted 
them. 

I invented many of the questions myself. Others were suggested or in- 
spired by friends and colleagues with an interest in this book. Still more are 
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well-known classics. Even working outside a syllabus however, it is hard to be 
entirely original with questions in physics and maths. Although these ques- 
tions can be asked in essentially unlimited ways, the number of fundamental 
concepts underpinning them is relatively small. Even the ones I am most 
proud of will no doubt have been asked in numerous other forms over the 
years. 

There was one problem I was unable to solve. Many of these questions— 
especially the harder ones— work best as discussion problems. They are not 
meant to be asked and answered straight. Instead they should be discussed 
as part of a tutorial-style conversation, with an experienced tutor helping the 
student along, giving hints, correcting mistakes, providing encouragement, 
and so on. There is no real substitute for this kind of help. A question which 
might seem impenetrable can suddenly yield when a tutor provides just the 
right hint. I would encourage you to try the problems with friends, or subject 
tutors, or anyone with a sound knowledge of physics and maths. 

I should say a few words about the level of difficulty of the problems. 
Every single one of them is challenging in some way. The publisher asked me 
to use stars to indicate their relative difficulty. Although I think this is quite 
subjective, I had to concede that it would be a shame for someone to happen 
to try all the most difficult problems first and feel defeated. So I have indicated 
how hard / found the problems the first time I tried them. If you think I have 
rated some of them too generously, it simply means your intuition is better 
than mine in that particular area. In general, those questions with one or two 
stars should yield to a student who is on top of the pre-university high-school 
syllabus 1 in physics and maths. The following descriptive gradings should give 
you some idea of what to expect. 

★ Not too difficult. Requires thought, and some insight, but 
should be soluble without hints. 

★★ Challenging. Requires considerable thought, and some in- 
sight, and may require simple hints. 

★★★ Hard. Requires significant thought, and considerable in- 
sight, and more substantial hints. In some cases, questions with 
three stars are only suitable as discussion problems. 

I have also included a handful of exceptionally hard questions, to give the most 
confident students an opportunity for a real challenge. 

★★★★ Exceptionally hard. Suitable for discussion. May be 
too difficult for most students to solve without substantial help. 
Complex and unusual, these questions allow for different and non- 
standard approaches. 

^ere I mean a student who has completed the first year of A-level, International Baccalaur- 
eate, Scottish Highers, SAT, etc., and is about a year away from entering higher education. 
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This book has been what I call my “Saturday project”, and there are, I increas- 
ingly discover, always fewer Saturdays than I hope there will be. I have not 
had the luxury of someone to work with, so there will certainly be mistakes, 
and errors of logic. They are all my fault. But I hope they are few enough that 
this book brings more enlightenment than confusion. The most challenging 
aspect of putting it together was striking the right balance with the difficulty 
of questions. The questions range from being quite straightforward to really 
quite hard— they are as unpredictable as many university entrance tests. Here 
I am indebted to the many teachers, students and colleagues who were kind 
enough to provide detailed comments on the difficulty of the questions. I 
would be delighted to receive further constructive notes and any genuinely 
unusual questions which could improve a future edition of this book, and 
thank in advance anyone willing to provide this feedback. 2 f hope you will 
find friends you can share the fun of these questions with, and argue the case 
for improved or more elegant solutions (many of which exist). To share your 
solutions with a wider audience, and to learn from the ideas of others, you can 
contribute to the Puzzle Forum at 

www.PerplexingProblems.com 

If you are feeling brave, you can also play The Deadly Game of Puzzle Points, 
which is explained in the final chapter of this book. Fve provided scoresheets 
and ticklists so you can keep track of your progress. 

Finally, good luck, and have fun. 

T.P., Oxford, 2015 

2 You can contact me by emailing tom@tompovey.com 
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